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ABSTRACT

This thesis examines the manner in which the technique of

Bayesian analysis may be applied to the forecasting of cruise

missile proliferation. Bayesian analysis is a quantitative

procedure in which alternative hypothetical outcomes are

postulated and their prior probabilities estimated. As

additional relevant events occur, the probabilities of their

association with each hypothesis are used to calculate a

revised probability for each alternative outcome. To support

a sample analysis, this thesis traces the historical

development of cruise missiles, discusses the various

motivations for their acquisition or indigenous production by

a developing nation, and identifies technologies crucial to

the building of an advanced cruise missile system. After

describing the Bayesian method and demonstrating its use in a

therretical example, the thesis concludes with some of the

polic, implications of cruise missile proliferation and its

forecasting by the intelligence community.
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EXECUTIVE SUMMARY

Unmanned aerodynamic guided weapons, also known as cruise

missiles, have existed as a concept since the invention of the

airplane. In the last thirty years, a series of technological

breakthroughs in propulsion, guidance, warhead and stealth

technology have made the cruise missile a potent offensive

strike weapon. The successful use of Tomahawk and AGM-86C

cruise missiles by the United States against Iraq in the

Persian Gulf war, as well as the dissolution of the Soviet

Union, guarantee that cruise missiles and cruise missile

technology will be both desired by, and available to, a number

of developing nations.

The purpose of this thesis is to propose a forecasting

technique by which the proliferation of modern cruise

missiles, and the transfer of sophisticated missile

technology, may be predicted, monitored and evaluated.

The forecasting technique described herein, Bayesian

analysis, has been used by the Central Intelligence Agency for

politico-military purposes; specifically, to provide

Indicat•ons and Warning (I&W) of the possible outbreak of

armed conflict. Bayesian analysis uses the assumption that an

observed event has varying probabilities of occurring

depending on the truth of alternative causative hypotheses.

Over time, by observation and probabilistic evaluation of many
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events, the "posterior probabilities" of each hypothetical

cause will be driven toward either zero (not likely to occur)

or one (very likely to occur).

This thesis addresses the context in which specific

events relating to cruise missile proliferation and indigenous

production may be evaluated. Major topics include:

1. The historical context of cruise missile employment.

2. The present state of the art of operational cruise

missiles (i.e., the Tomahawk).

3. The various motivations which might drive a lesser

developed nation to acquire, build or deploy modern cruise

missiles. These motivations include international prestige,

accelerated industrialization, military necessity, and

economic benefits.

4. The technologies, possession of which are essential to

the construction of a survivable, reliable and effective

cruise missile. Among these technological categories are

stealth, airframe and propulsion systems, guidance systems,

and warheads.

5. The nature of the database which would be required to

conduct a Bayesian analysis involving the forecasting of

cruise missile proliferation.

A theoretical case study demonstrates :he advantages and

drawbacks of Bayesian analysis with respect to intelligence

forecasting. The principal advantage of the method is the

establishxent of a forial analytical framework which

V



accommodates weighted inputs of all observed events, makes

differing interpretations of a given event more explicit, and

provides a readily available chronological record of the

analytical process. The use of this technique is limited,

though, to situations which can be expressed as a number of

mutually exclusive outcomes. An ample flow of data which is

logically related to the hypotheses to be tested must be

available, and analysts must be qualified to assign realistic

probabilities associating the observed events to their

hypothetical causes.
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I INTRODUCTION

On January 17, 1991, over 100 Tomahawk land-attack cruise

missiles (TLAMs) were launched by United States warships

against targets in Iraq. Over the next three 4eeks, nearly

two hundred more TLAM-, armed with either unitary high-

explosive warheads or combined effect packages of

submunitions, were 1,kunched in follow-on strikes. [Ref. l:pp.

'7-47] By some accounts, 85 percent of these sophisticated

weapons successfully struck their targets [Ref. 2:pp. 71-73].

The U.S. attack ushered in a new era in cruise missile

technology: for the first time, cruise missiles: with

conventional warheads had been employed, successfully and In

large numbers, to attack point targets ashore at over-the-

horizon ranges.

The apparent ease with which American cruise missiles

penetrated a sophisticated, Soviet-design integrated air

defense system (IADS) suggests a disturbing corollary. Other

cruise missile systems may exist, or soon may be developed,

The precise definition of "cruise missile" is open to
debate. The working definition adopted for this paper is from
Kos-ta Tsipis's article, "Cruise Missiles," which appeared in the
Fehruary, 1977 Scientific American: "a dispensable, pilotless,
self-guided, continuously powered, air-breathing warhead-delivery
vehicle that flies just like an airplane, supported by aerodynamic
forces." As noted in Huisken, The Oricin of the Strategic Cruise
Missile, this definition excludes rocket-propelled weapons like the
Fiench Exocet and the Soviet Styx. Such weapons will be discussed,
ho..ever, iL- recognition of the absence of a universally accepted
definition of cruise misslles.



which could penetrate, as easily and as effectively, an

American air defense system ashore or afloat. The manner in

which such missile systems might be identified, and their

developmental status monitored, is the subject of this thesis.

Cruise missiles have been used in combat since World War

II.- They have been built for both strategic and tactical

applications, and fitted with nuclear as well as conventional

warheads. Air-, sea-, and ground-launched cruise missile

systems have been designed and built. The potential value of

anti-ship cruise missiles, in particular, was suggested as

early as 1967 with the sinking of the Israeli destroyer EILAT

by an Egyptian SSN-2 Styx missile [Ref. 3:p. 29]. Yet, since

the late 1950s, the threat posed by cruise missiles has been

overshadowed by the existence of ballistic missiles:

specifically, by the adoption of intercontinental ballistic

missiles (ICBMs) and submarine-launched ballistic missiles

(SLBMs) as the primary unmanned strategic (nuclear) deterrent

w~eapons of both the Soviet Union and the United States.

There are several good reasons why ballistic missiles,

rather than cruise missiles, were adopted for the role of

strategic strike. Ballistic missiles traveled

intercontinental ranges much more quickly than cruise missiles

and they were capable of achieving far greater accuracy than

The concept of an unmanned "flying bomb" dates back to the
dawn of the flying age, prior to World War I. For a concise
history of early cruise missile development attempts, see Kenneth
P. Werrell, The Evolution of the Cruise Missile, Chapter 2.
Werrell cites references as early as 1892.
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inertially-guided cruise missiles [Ref. 3:p. 18]. Ballistic

missiles also would be much harder to shoot down than

aircraft-sized cruise missiles, whereas smaller (and therefore

more survivable) cruise missiles would have been unable to

carry nuclear warheads sufficiently large to accomplish their

prescribed strategic missions (given the inherent inaccuracy

cf inertial guidance at intercontinental ranges).

Now, however, advances in propulsion, guidance and

warhead technologies have led to the re-emergence of the

cruise missile as a versatile and effective long-range strike

weapon. Small, efficient turbofan engines, coupled with

improved inertial guidance systems and a variety of midcourse

and terminal position updating capabilities, have made

possible the accurate delivery of highly destructive payloads.

This capability, epitomized by the Tomahawk land-attack

missile, no longer resides exclusively with the United States

and its defense establishment. Several other nations, if

sufficiently motivated, could soon field a "modern" (i.e.,

reliable, accurate and survivable) land-attack cruise missile.

At least a few of these nations undoubtedly will do so. Seth

Carus, author of Ballistic Missiles in the Third World,

expressed his opinion on cruise missile proliferation:

It is the cruise missile, however, that will pose the
most serious challenge in the 1990s. The technologies
required to build conventionally armed cruise missiles
will be within the reach of a considerable number of
countries in the Third World.

3



Cruise missile guidance systems will be readily
available .... mak[ing] it possible for cruise missiles to
achieve accuracies of less than 100 meters, even at long
ranges .... Tied together with cluster munitions, intelli-
gent submunitions, and fuel air explosives, cruise
missiles will have the accuracy and lethality to be
extraordinarily effective. [Ref. 4:p. 39; emphasis added]

Anti-ship cruise missiles (ASCMs) are also almost certain

to proliferate. The Soviet Union has fielded operational air-

launched ASCMs since 1958 and sea-.aunched ASCMs since 1960

[Ref. 5:pp. 157-8].' Improved systems have appeared

regularly. Even after the August 1991 coup attempt, work

reportedly continued on a next-generation Soviet sea-launched

ASCM, the SS-NX-25 [Ref. 6:p. 348].

The United States countered Soviet anti-ship cruise

missile developments by deploying the Harpoon weapon system in

1977 [Ref. 7:p. 233] and the anti-ship variant of the

Tomahawk, the TASM, 4 in 1983 [Ref. 8:p. 193]. Significantly,

while ASCM development has proceeded apace, anti-ship missile

defenses have lagged. The British experience in the Falklands

War and the 1987 STARK incident vividly demonstrated the

threat to naval forces posed by small, sophisticated, guided

SThe nuclear-armed SS-N-3c Shaddock was first tested in 1954,
and deployed aboard Whiskey and Echo I class submarines beginning
in 1960. The dual-capable (i.e., nuclear and conventional) SS-N-3a
Shaddock and the surface-launched SS-N-3b Sepal variants both
entered service in 1962. The first Soviet air-launched ASCM was
the conventionally-armed AS-I Kennel (1958). The nuclear-capable
AS-2 Kipper fuilowed in 1961. [Ref. 5:pp. 157-8]

TASM: Tomahawk Anti-Ship Missile
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weapons. 5 In fact, the U.S. Navy's Assistant Chief of Naval

Operations for Surface Warfare [ACNO(SW)] recently declared

missile defense to be "a top modernization priority within

the...surface warfare community," surpassing even anti-

submarine warfare (ASW), which long held the top position on

such lists. (Ref. ll:p. 437]

A U.S. Navy aircraft carrier battle group (CVBG) in the

open ocean, defended by Aegis and New Threat Upgrade (NTU)

cruisers and long-range combat air patrol (CAP) aircraft, is

probably quite well protected against (although not

invulnerable to) anti-ship cruise missile attacks. An

amphibious task group approaching the coastline of some new

Third World trouble spot is not. Similarly vulnerable to

land-attack cruise missiles are the headquarters of a Marine

Expeditionary Group or other military force ashore, their

debarkation sites, and their airfields. During Operation

DESERT STORM, for example, Iraqi cruise missiles (had they

existed) could have been employed against the U.S. Central

Command headquarters compound in Riyadh, against the port

facilities at Al Jubayl, or against coalition air bases such

5 In 1982, Great Britain and Argentina waged a military
campaign for possession of the Falklands (Malvinas) Islands in the
South Atlantic. Two British ships, the frigate SHEFFIELD and the
cargo ship ATLANTIC CONVEYOR, were struck (and sunk) by AM-39
Exocet missiles launched from Argentinian Super Etendard aircraft.
The aircraft and missiles had been obtained from France in 1981.
(Ref. 9:p. 135)

In 1987, the USS STARK, a frigate, was struck by two Exocets
launched from an Iraqi Mirage F-1 fighter-bomber. 37 U.S. sailors
were killed and the ship was severely damaged by the missile hits
and resultant fires. [Ref. 10:p. 24)
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as the one at Dhahran. The ability of U.S. military forces

ashore or afloat to protect themselves against such attacks is

still quite limited.

In view of the possibilities described above, the U.S.

intelligence community must direct its assets and its efforts

to provide sufficient warning about nascent cruise missile

capabilities. Procedures should be established so that

disparate bits of data concerning such things as arms sales,

technology transfers, foreign political decisions and various

economic and diplomatic factors may be sorted and evaluated

within a logical framework for analysis. In this way,

forecasting of the threat posed by cruise missiles (either

land-attack or anti-ship) in a particular region can be more

specific, more accurate and, especially, more timely than

present methods of assessment.

Methods currently used are likely to include the

following:

1. The worst-case scenario, in which every potential cruise

missile threat is assumed to be based upon state of the art

technology (i.e., "If it can be built, it will be built--and

by everyone."); or

2. The best-case scenario, in which no threat is assumed

beyond that which has been demonstrated or observed (i.e., "If

we haven't seen it, then they don't have it.").

These approaches to assessing the degree of proliferation

of advanced cruise missiles represent the cautious extremes,
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and have a certain intrinsic value as such. Both assumptions,

however, have notable shortcomings. The assumption that every

lesser developed country with a missile program is capable of

conducting the equivalent of a Tomahawk strike will severely,

and in most cases unnecessarily, complicate American military

actions, particularly with respect to counter-targeting and

the establishment of an adequate defensive posture for U.S.

forces. The other extreme could easily result in American (or

allied) military forces being surprised by a previously unseen

capability, with tragic results.

Therefore, I propose the implementation of a methodology

by which data can be compiled and then utilized to provide a

more realistic assessment and projection of emerging cruise

missile programs. Through the use of the techniques of

Bayesian analysis (described in Chapter V) it should be

possible, over time, to forecast the direction of a particular

nation's weapons development and acquisition strategy and to

provide on demand an assessment of that nation's progress in

fielding advanced cruise missile systems.

In order to demonstrate the manner in which Bayesian

analysis may be applied to assessing and forecasting cruise

missile programs, it will be necessary first to describe the

modern cruise missile in more detail. This description, in

Chapter II, will include a brief summary of the development of

cruise missiles; a description of the Tomahawk family of

missiles, which represent the state of the art for operational

7



land-attack cruise missiles6 ; and a summary of the cruise

missile inventory of the former Soviet Union.'

In Chapter III, a number of possible reasons why a

developing nation might seek to develop an indigenous

production capability for cruise missiles will be presented.

In Chapter IV, the critical technologies required to build

modern cruise missiles will be summarized.

Chapter V will include a description of the concepts of

Bayesian analysis, an example of the kind of database it

requires and a listing of specific indicators which relate to

cruise missile acquisition and development. Chapter VI will

apply Bayesian analysis to an illustrative case study. The

conclusion will summarize the thesis and provide some comments

on the role of intelligence forecasting in the larger arena of

national-level policymaking.

SThe Tomahawk Anti-Ship Missile (TASM) also probably
represents the state of the art in its category. Unlike the TLAM,
however, the TASM has not yet been tested in combat.

7 Several other countries also produce cruise missiles of
varying degrees of sophistication. Among the more advanced are the
Israeli Gabriel and its South African and Taiwanese derivatives
(the Skorpioen and the Hsiung Feng, respectively), the French ASMP,
the Italian/French Otomat and the Japanese ASM-I. Space
constraints preclude a system-by-system analysis of these weapons.

The Soviet case warrants special attention because of the
sheer size of the inventory and the potential for massive
proliferation. [Source: The World's Missile Systems, 8th ed.,
General Dynamics Corp., 1988]
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II THE CRUISE MISSILE

A. HISTORICAL DEVELOPMENTS

The concept of a cruise missile, or "flying bomb" has

been discussed since the invention of the airplane. Yet most

early attempts to build such a weapon were stymied by

technological limitations, most notably the inadequacy of

early automatic guidance systems. Ironically, during World

War I the most promising system for steering an unmanned,

bomb-laden airplane into a specific military target was the

use of radio controls located in an accompanying manned

aircraft, [Ref. 8:pp. 7-40] a method which offered little

advantage over the use of manned bombers.

1. The V-1

The first truly operable cruise missile was tte

German V-i "buzz-bomb," which was put into service during

World Wai II. It is "now generally accepted as the progenitor

of all cruise weapons." [Ref. 12:p. 3] The V-1 was propelled

by a pulse-jet engine at speeds up to 650 kilometers (390

miles) per hour and was guided by a pre-set magnetic compass.

Targeting was crude: the 900 kilogram conventional warhead

detonated on impact, which occurred soon after fuel exhaustion

had resulted in engine shutdown. [Ref. 12:pp. 3-4]

Approximately 8,000 V-is were launched by Germany,

primarily against London, and over 17,000 people were killed

9



by them. Eventually, though, the V-i. was defeated by a

coordinated defense composed of early-warning radar stations,

anti-aircraft artillery (AAA) batteries and pre-positioned

airborne interceptor aircraft. These defensive systems,

working in concert, were able to shoot down 95 percent of the

later V-1 cruise weapons launched. [Ref. l2:pp. 3-4]

2. Early American Cruise Missiles

Before the end of the war, the United States had

developed, but not deployed, its own cruise weapon, the JB-2

Loon. The Loon was essentially nothing more than an American

version of the V-1. In 1946, design work began on a new U.S.

ground-launched cruise missile, the SM-62 Snark. Powered by

a turbojet and carrying a stellar inertial guidance system,

in 1959 it became America's first operational intercontinental

missile system. The Snark was armed with a four meg:ýton (MT)

thermonuclear warhead. A planned follow-on cruise missile,

the Navajo, used a ramjet engine to achieve Mach 3 cruising

speed while employing a wholly inertial guidance system.

Navajo was canceled in July, 1957 as a result of the competing

demands of the intercontinental ballistic missile (ICBM)

development program. [Ref. 3:pp. 15-18)

In 1954, the Air Force deployed to Europe its first

operational guided missile, the TM-61 Matador. The Matador

was a mobile, ground- launched, rocket-boosted and jet engine-

propelled medium range missile. Altnough Matador had the

potential to carry conventional or chemical warheads, its

10



primary purpose, along with the Army's Corporal missile and

Honest John artillery rocket, was to provide a tactical

nuclear capability to North Atlantic Treaty Organization

(NATO) ground forces. It had a theoretical range of 1,000

kilometers, but that range was severely reduced by the

missile's command guidance system, which required continuous

radar tracking from the launch site. [Ref. 3:pp. 21-22]

A second tactical nuclear weapon-bearing cruise

missile, the TM-76 Mace, was deployed to Europe in 1959 and

subsequently to Taiwan and South Korea as well. The Mace A

version used a new guidance system known as automatic terrain

recognition and navigation, or ATRAN:

ATRAN consisted of a search radar, a map-matching
device and a terrain clearance controller. During flight,
the map-matching device compared the images provided by
the search radar with a radar photograph of the terrain
overflown that was inserted prior to launch. Errors
between the two images were broken down into longitudinal
and lateral components and the missile's course adjusted
accordingly. [Ref. 3:pp. 22-23]

The Mace A, with ATRAN, had an effective range, using a high-

low approach, of about 1,200 kilometers. An all-inertial

guidance, high-altitude version, the Mace B, had a range of

about 2,200 kilometers. [Ref. 3:pp. 22-23]

The U.S. Navy's first operational cruise missile was

the SSM-8A Regulus I, in service from 1955 until 1966.

"Regulus I carried a nuclear warhead at high subsonic speed to

a maximum range of 440 nautical miles." [Ref. 3:p. 20] It was

powered by a turbojet engine and normally would be stored on

the deck of a submarine until readied for launch (while

11



surfaced). It was also sometimes carried aboard cruisers and

aircraft carriers. A successor missile, the XSSM-9 Regulus

II, was to have had over twice the range of Regulus I and a

speed of Mach 2, but it was canceled as the Polaris submarine-

launched ballistic missile (SLBM) neared operational status.

[Ref.3:p. 20]

From 1960 until 1976 the U.S. Air Force deployed the

AGM-28A/B Hound Dog air-to-surface cruise missile, two of

which could be carried by a B-52 strategic bomber [Ref. 3:pp.

18-19]. The Hound Dog weighed 4,500 kilograms and carried a

one MT nuclear warhead. Its turbojet was capable of

sustaining low level flight at a speed of Mach 1.6 for a range

of up to 800 kilometers. The weapon had a CEP2 of about 1.5

km. (Ref. 12:p. 6]

As suggested in Chapter I, cruise missiles began to

fall from favor in the late 1950s and beyond, at least among

American military leaders (both in and out of uniform).

Technological advances in other weapon systems apparently had

rendered them obsolete. By 1970 the cruise missile had been

virtually abandoned as a potential U.S. strategic weapon

system. From that time until now, however, a complex

interplay of technological, strategic and diplomatic factors

conjoined to bring aboLt the situation which exists today.

Such factors include the development of small, efficient

Circular Error Probable: the radius of a circle, centered
on the target, within which one half of all shots aimed at that
target are expected to fall.
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turbofan engines and highly accurate guidance systems; the

changing capabilities and vulnerabilities of other U.S.

strategic systems; and the signing of a number of arms control

accords which, among other things, attached greater relative

value to cruise missiles and other non-traditional means of

nuclear weapons delivery by imposing limits on the traditional

methods (i.e., bombers, ICBMs, SLBMs). [Ref. 3:pp. 28-59, 186-

192;Ref. 12:pp. 20-28]

The United States currently possesses two long-

range, land-attack cruise missile systems: the AGM-86 air-

launched cruise missile, or ALCM; and the BGM-109 Tomahawk

sea-launched cruise missile, or SLCM. Both of these systems

were originally conceived as delivery vehicles for nuclear

warheads. 2 Ironically, while the nuclear variants have been

"stood down" and are not deployed presently, conventional

versions of both the AGM-86 ALCM and the BGM-109 Tomahawk were

launched against targets in Iraq during DESERT STORM.'

While the AGM-86 ALCM and the BGM-109 SLCM both are

examples of extremely sophisticated operational cruise

missiles, the Tomahawk is the more publicized of the two.

2 In much of the literature on strategic cruise missiles and
arms control, the terms SLCM and ALCM are used, without
modification, to refer specifically to the nuclear-armed variants
of each of these weapon systems.

3 In January, 1992 the U.S. Air Force revealed that it had
launched 35 non-nuclear AGM-86C missiles from seven B-52G bombers.
The existence of the conventional variant of the AGM-86 had been
classified until the time of that announcement. [Ref. 13:p. 105]
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Therefore, it has been selected to demonstrate the existing
state of the art in cruise missile technology and performance.

B. THE TOMAHAWK CRUISE MISSILE

The name Tomahawk" refers to an entire family of sea-

launched cruise missiles: a nuclear-armed land-attack variant

(BGM-109A or TLAY.-N) , a conventionally-armed anti-ship missile

KB•-I09B/TASM) , a conventional land-attack variant with a

unitary high explosive warhead (BGM-109C/TLAM-C), and another

land-attack variant which carries combined-effect packages of

submunitions (BGM-109D/TLAM-D) [Ref. 14 :p. 332;Ref. l:p. 47].

Tomahawk also provided the basis for the Ground-Launched

Cruise Missile (BGM-109G/GLCM) , a theater nuclear weapon first

deployed to Europe in December, 1983 [Ref. 8:pp. 186, 201-

205] , and subsequently withdrawn. Modified Tomahawks have

also been designed for air launch from such platforms as the

Navy's A-6E attack aircraft and the Air Force's B-52 strategic

bomber [Ref. 8:pp. 207-8].

1. Airframe

All of the Tomahawk SLCMs are built around a conmon

airframe. The missile is powered by & Williams Co. F-107-WR-

101 turbofan engine which weighs 275 kilograms and generates

600 pounds of thrust.. [Ref. 12 :pp. 8-12] This engine enables

the Tomahawk to cruise at speeds between 0.5 and C.75 Mach

(380-5-5 mph or 340-510 knots) [Ref. 15] at altitudes between
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100 and 300 feet above local ground level (Ref. l:p. 47].•

Other common airframe components include the deployable air

injection scoop and tolding wings, and the rocket booster

which propels the missile to cruise velocity upon launch. The

Tomahawk missile, with booster, is 20.5 feet long and has a 21

inch diameter. With wings deployed, the airframe has a span

of 8.6 feet [Ref. 15].

2. Guidance

All variants of the Tomahawk have an inertial

guidance system which uses accelerometer inputs to update

continuously an initial position input prior to launch.

Because "the best currently-used inertial guidance systems

tend to 'wander' up to 900 meters off course for every hour of

flight time" [Ref. 1 2 ;p. 12], all the land attack variants are

equipped with a terrain contour matching (TERCOM) system which

provides periodic positional updates to the inertial system.

TERCOM was patented in 1958 by LTV-Electro Systems Company for

use in the SLAM (Supersonic Low Altitude Missile) strategic

attack missile. Although the SLAM system was canceled,

development of TERCOM was carried forward. Ultimately, TERCOM

was adopted for use in both the ALCM and the SLCM/GLCM. [Ref.

8:p. 136]

1 The speed of sound at sea level is 343 meters per second (in
dry air, at 20 degrees Celsius and one atmosphere of pressure).
There are 1760 yards in a statute mile and 2000 yards in a nautical
mile. One meter = 3.28 feet. [Source: Halliday and Resnick,
Fundamentals of Physics, 3rd ed., New lork, 1988.)
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The principles of operation of the combinod TERCOM

and inertial navigation system, sometimes known as TAINS,ý are

elucidated in Kenneth Werrell's The Evolution of the Cruise

Missile:

In the TERCOM system, engineers divide a terrain map
into a matrix of cells which have ranged in size from 100
feet to 3,200 feet on a side .... The E-Systems matrix
consists of 64 cells, each 400-feet on a side, yielding a
4.9 nm strip map. Engineers assign each cell an average
elevation derived from a contour map or satellite
reconnaissance map, and this information is stored in the
system's computer. In flight, a radar altimeter measures
the actual elevations and then at checkpoints matches that
sequence with a digital map stored in the computer ....

The inertial guidance system navigates the missile to
the first TERCOM checkpoint and between subsequent
checkpoints en route to the target. At each checkpoint,
the computer updates the inertial guidance system and
corrects the missile's course. Theoretical accuracy of
TERCOM is 0.4 times the size of the cells, which are
progressively reduced in size the closer the map set is to
the target. [Ref. 8:p. 136]

For the accurate delivery of the W-80 nuclear

warhead aboard the BGM-109A, the inertial system with TERCOM

updates is adequate. In order for a conventional cruise

missile to accomplish its mission, though, a much more

accurate terminal guidance system is required. The system

incorporated into the BGM-109C and BGM-109D (TLAM-C and TLAM-

D) is known as Digital Scene-Matching Area Correlator, or

DSMAC. The DSMAC system uses an optical camera to detect

images of the ground at prescribed points along the missile's

planned flight path to the target. rhese images are digitized

and compared to images stored in the guidance computer's

TAINS: TERCOM-Aided Inertial System
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memory. Offsets from the desired path are calculated and a

correcting course is determined. [Ref. 2:pp. 72-731

The range and accuracy attainable by a Tomahawk

land-attack missile using TERCOM and DSMAC has been

characterized as follows: if launched from the vicinity of

St. Louis, Missouri, a TLAM equipped with TERCOM alone could

fly to Washington, D.C., and hit a target the size of JFK

Stadium. If fitted with DSMAC as well, the missile could be

flown through the goalposts at either end of the football

field inside. [Ref. 16:p. 4]

The BGM-109B anti-ship variant uses an entirely

different guidance system. Since it is employed against ships

maneuvering at sea, TERCOM and DSMAC would be useless.

Therefore, the TASM is equipped with an active radar seeker (a

modified version of the kind installed on the shorter-range

Harpoon anti-ship cruise missile) . It flies a pre-programmed

route to the expected target area, at which time the radar is

activated and a search for targets is commenced. [Ref. 14:pp.

332]

3. Warhead

As mentioned above, the TLAM-N is armed with a W-80

nuclear warhead, which at least one reference credits with a

200 kiloton yield [Ref. 12:pp. 14-19). Both the TLAM-C and

the TASM carry a unitary WDU-25/B (Bullpup) 1000 pound high

explosive warhead for use against high-value point targets.

The TLAM-D, on the other hand, carries up to 24 separately
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dispersed packages of submunitions, up to 166 3.4 pound

bomblets in all. [Ref. 17:p. 38) These bomblets may be armor-

piercing, fragmentation or incendiary [Ref. 1:p. 47), and are

likely to be used against concentrations of small, vulnerable

high-value targets, such as revetted aircraft or stationary

tanks.

4. Launch Platforms

Having described the common airframe of the Tomahawk

cruise missile, itr various guidance schemes and payloads, we

turn our attention to the launch platforms. Tomahawk sea-

launched cruise missiles can be launched from a vertical

launching system (VLS), a deck-mounted armored box launcher

(ABL) or a submarine's torpedo tube. In fact, two of the

physical limitations on the size of the missile--its length

and its diameter when stowed--were dictated by the operational

requirement that it be capable of storage in, and launch from,

a submarine torpedo tube (Ref. 3:p. 32]. Specific classes of

U.S. naval vessels which were to be configured for Tomahawk

include the following: all Sturgeon (SSN-637) and Los Angeles

(SSN-688) class nuclear submarines, including some VLS-

equipped 688s; all Spruance (DD-963) and Arleigh Burke (DDG-

51) class destroyers (VLS); all VLS-equipped Ticonderoga (CG-

47) class cruisers (i.e., CG-52 and above); several nuclear
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